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Abstract 
 
Traditional medicine has become an important part of healthcare worldwide. It is 
estimated that about 25% of prescribed medicines contain plant products or active 
compounds derived from plants.  In South Africa, traditional medicine forms part of the 
culture and tradition of most communities. Garlic compounds have been shown to have 
a variety of antimicrobial properties. Amongst these are antifungal, antibacterial, 
antiviral and anti protozoal activities. Allicin and its breakdown products have been 
shown to be the main active compounds which possess these properties.  Tulbaghia 
violacea has been used for the treatment of a variety of illnesses including asthma, 
fever, oesophageal cancer, constipation and hypertension. This study investigated the 
antifungal nature of T.violacea on the morphology, spore germination and lipid synthesis 
of Aspergillus flavus and Aspergillus parasiticus. 
 The results of this study showed that the plant extract inhibited A. flavus growth at 
a minimal inhibitory concentration of 15mg/ml and was fungicidal at 20mg/ml and 
above. A. parasiticus was not inhibited at 25mg/ml indicating resistance to the inhibitory 
component of the plant extract. A measure of metabolic activity using the XTT assay 
showed reduced metabolic activity in the presence of increasing concentrations of the 
plant extract. Higher extract concentrations resulted in higher percentage inhibition of 
fungal growth for both fungal species with up to 98% inhibition being observed for the 
highest extract concentrations for both fungi. Germination was also delayed in the 
presence of 15mg/ml plant extract concentration by up to 60hr for A. flavus and 48hr for 
A. parasititcus. The TEM results showed increased thickening of the cell wall with higher 
extract concentrations. The thickening was greater for A. flavus than for A. parasiticus. 
Cell wall thickening may be the reason for the delay in germination in both species. 
Lipid production was reduced in the presence of plant extracts when compared to the 
control. The plant extracts inhibited triglyceride production at 15mg/ml for both A. flavus 
and A. parasiticus. The results therefore indicate that T. violacea extracts are antifungal 
and probably affect germination through interactions with the cell wall. It is possible that 
the extract affects lipid production in Aspergillus species. 
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CHAPTER ONE 
INTRODUCTION AND LITERATURE REVIEW 
 
1.1 INTRODUCTION 
Traditional medicine has become an important part of healthcare worldwide. About 
80% of the world’s population relies on medicinal plants for their primary healthcare 
(Lewis and Elvin-Lewis, 2003; Koduru et al., 2007). Eighty percent of Africa’s’ 
population uses traditional medicines for their primary healthcare and WHO reported 
that about 71% of Chiles’ population and 40% of Columbia use traditional medicines. In 
Japan, 60-70 % of the allopathic doctors prescribe traditional medicine to their patients 
and in China traditional medicine makes up 40% of healthcare (Bussmann and Sharon, 
2006). 
It is estimated that about 25% of prescribed medicines contain plant products or 
active compounds derived from plants (Lewis and Elvin-Lewis, 2003; Diederichs, 2006).  
In South Africa, traditional medicine forms part of the culture and tradition of most 
communities (Fennell et al., 2004; Koduru et al., 2007). Herbal medicine has been 
found to be more accessible and more affordable than Western medicine. Twenty seven 
million South Africans use traditional medicine derived from more than 1020 indigenous 
plant species (Lewis and Elvin-Lewis, 2003). Research on the use of medicinal plants 
as therapeutic agents and novel compounds of pharmaceutical value has been gaining 
momentum world-wide. It involves the use of traditional knowledge to help scientists to 
target those plants that may be useful. It is estimated that 122 drugs from 94 plant 
species have been identified through ethnobotanical leads (Fennell et al., 2004; Lewis 
and Elvin-Lewis, 2003). 
 
1.2 ALLIUM SATIVUM (GARLIC) 
Allium is the largest and most important genus of the Alliaceae family and is 
composed of 450 species (Lanzotti, 2006). Allium sativum, also referred to as garlic, is a 
member of the Alliaceae family. The bulbs are on a disk-like stem, which is made up of 
several cloves that are enclosed in a membrane found at a base of the foliage leaves. 
Each clove is made up of a protective cylindrical sheath and a small central bud (Ross, 
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1999). The leaf blade is linear, flat and solid, being 1 to 2.5cm wide and 30 to 60cm 
long. 
Garlic has been used as a medicinal plant for over 4000 years, even before the 
Sumerian time (2600-2100 B.C.; Harris et al., 2001; Lemar et al., 2005; Corzo-Martinez 
and Villamiel, 2007). Garlic was originally thought to be indigenous to Asia, but is now 
found worldwide as a cultivated crop (Ross, 1999; Harris et al., 2001). 
 
1.2.1 Tulbaghia violacea 
Tulbaghia violacea belongs to the genus Tulbaghia, which is made up of 
approximately eighty five species. Common names of T. violacea include wild garlic, 
wilde knoffel (Afrikaans), Itswele lomlambo (Xhosa), Icinsini (Zulu) and Mothebe (Sotho) 
(Roberts, 1990; Dyson, 1996). The name wild garlic originated from the belief that the 
consumption of T. violacea is not accompanied by the development of bad breath, 
despite its garlic-like flavour. This is in contrast to the true garlic (A. sativum), which 
upon consumption results in development of bad breath (Kubec et al., 2002; Maoela, 
2005). 
Tulbaghia violacea is a fast-growing bulbous plant, with strap-like leaves that grow 
to be 30cm long and 1.5cm wide. The leaves are dark-green, leathery in texture and 
have a strong garlic smell. The flowers form umbels of up to 20 violets and these 
develop from December to April (Dyson, 1996). This plant is widely distributed in the 
Eastern Cape, Kwazulu-Natal and Limpopo. The bulb is used as a remedy for treating a 
variety of illnesses, which include fever, colds, asthma, tuberculosis and gastrointestinal 
illnesses (Kubec et al., 2002). The leaves are used as spinach and hot peppery 
seasoning, with meat and potatoes. The Zulus use this plant as a snake repellent by 
planting it around their homes (Roberts, 1990; Dyson, 1998; Kubec et al., 2002; Bungu 
et al., 2006). 
It has been postulated that T. violacea may have the same biological activities as 
A. sativum (garlic), since they both belong to the same family of Alliacea (Bungu et al., 
2008). Since the plants have the same garlic smell, they may have similar secondary 
metabolites and the activity might be a result of similar compounds, which are also 
found in garlic (Bungu et al., 2008). 
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Tulbaghia violacea extracts have been shown to have a variety of biological 
activities. Bungu et al. (2006; 2008) showed that methanolic extracts of T. violacea bulb 
and leaves inhibited the growth of four different cancer cell lines and had antithrombotic 
and anticoagulant properties in vitro. 
 
1.2.2 Active compounds of garlic 
The ability of garlic to be used as a medicinal plant comes from two major classes 
of flavanoids and organosulfur compounds (Tsuchiya and Nagayama, 2008). The 
organosulfur compounds are either water or lipid soluble and are responsible for the 
beneficial properties of garlic (Wargovich, 2006). Table 1.1 shows the most important 
organosulfur compounds, which are present in most Allium species (Bianchini and 
Vaini, 2001). 
In 1844, Wertheim performed chemical studies on garlic cloves, using a steam 
distillation method. Through this process, he isolated pungent smelling oil from the 
garlic cloves (Harris et al., 2001). He then proposed the name allyll for the hydrocarbon 
that was found in the oil. Cavallito et al. (1944) isolated and identified the different 
components of garlic, which have antimicrobial activity (Ankri and Mirelman, 1999; 
Harris et al., 2001). Steam distillation (100°C), ethanol and water (25°C) and ethanol 
(0°C) extractions were used to isolate some of the different components of garlic. Diallyl 
sulphide (a major component of garlic oil), allicin and allin (an odourless component), 
were successfully isolated. Allicin had also been isolated earlier by Semmler  in 1892, 
and he  showed that this compound had antimicrobial properties (Harris et al., 2001). 
Stoll and Seebeck (1948) isolated a cysteine sulfoxide, allin, and its corresponding 
enzyme allinase (Brodnitz, 1971). In 1996, Lawson isolated other cysteine sulfoxides 
together with their thiolsulfinates (Harris et al., 2001; cited by Lemar et al., 2005). 
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Table 1.1:  Organosulphur compounds present in Allium species (Bianchini and Vaini, 2001) 
 
 
 
 
The allyl derivatives are responsible for the variety of biological activities, the  
 
The allyl derivatives are responsible for the variety of biological activities, the  
characteristic odour and pungent taste of garlic. Antitumor and antithrombotic allyl 
sulfides suppress uncontrolled proliferation of different types of tumour cells and also 
inhibit platelet aggregation, induced by thrombin, ADP and collagen (Tsuchiya and 
Nagayama, 2008). Harris et al. (2001) reported that the allyl derivatives also act as 
antimicrobials against a wide range of Candida species. The water soluble compounds 
such as the S-allylcysteine are hydrolyzed and oxized to form allin, which is converted 
to allicin by allinase (Tsuchiya and Nagayama, 2008). 
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γ-Glutamyl S- allyl-L-cysteine is an important storage compound in clove garlic and 
has been shown to play an important role in producing additional allin during the early 
developmental stages of garlic (Song and Milner, 2001). This storage compound is 
converted into S-allyl-cysteine (SAC) by γ-glutamyltranspeptidase, when garlic is 
extracted with an aqueous solvent (Amagase, 2006). 
 
1.2.3 Allicin 
Allicin is believed to be a major thiosulphinate compound that is responsible for the 
biological activities of garlic. This compound is formed by an enzymatic process, 
whereby the cysteine sulfoxide, allin, gets converted to allicin, by allinase. Allinase is 
released when garlic is crushed and is responsible for producing allicin resulting in the 
characteristic odour (Fig1. 1; Ankri and Mirelman, 1999; Miron et al., 2000; 2002; Coppi 
et al., 2006). 
Allin and allinase are found in different compartments of the garlic clove (Feldberg 
et al., 1988; Coppi et al., 2006). Infesting soil microbial pathogens invading the garlic 
clove, will release allinase which will convert allin to allicin. Allicin, will in turn, inactivate 
the invader (Ankri and Mirelman, 1999).  
 
Figure 1.1: The formation of allicin from garlic cloves (Ankri and Mirelman et al., 1999; Miron et 
al., 2000; 2002). 
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Allinase is the main enzyme that regulates the conversion of cysteine sulfoxides to 
thiosulfinates. Its optimum pH for activity is 6.5 with S-methyl-L-cysteine as its substrate 
and pyridoxal phosphate as a cofactor (Amagase, 2006). The activity of allinase is 
dependent on pH and below pH 3.6; the release of thiosulfinates is inhibited. Allicin may 
not be the sole contributor to the beneficial effects of garlic in the body, especially in the 
stomach, where the pH is below 3.6 (Amagase, 2006). 
 
1.2.4 Organosulphur volatiles released from allicin 
Allicin has been shown to be unstable and decomposes rapidly. It is converted into 
a wider variety of volatile organosulphur compounds. These compounds include: diallyl 
sulfide (DAS), diallyl disulphide (DADS); diallyl trisulphide (DATS), methylallyl 
disulphide; methylallyl trisulphide,   2-vinyl-4H-1, 3—dithiin; 3-vinyl-4H-1; 2-dithiin and 
(E, Z) ajoene S (Fig 1.2; Nagawana et al., 1996; Harris et al., 2001; Amagase, 2006; 
Tsuchiya and Nagayama, 2008). 
Diallyl disulphide (57%), allylmethyl (37%) and dimethyl (6%) mono to 
hexasulphides form the majority of sulphides, which are found in garlic oil. These 
compounds occur mainly in fresh garlic oil and DADS is present in commercial garlic in 
high amounts. It is assumed that these proportions may be dependent on the oxidation 
and reduction of diallyl trisulphide present in the oil and that the sulphide components 
vary according to the temperature or time at which they were extracted (Amagase, 
2006). 
Brodnitz et al. (1971) showed that vinyldithiins are thermal degradation products 
which are derived from allicin. Gas chromatography and spectroscopic analysis was 
used to identify the structures as 2-vinyl-4H-1; 3-dithiin and 3-vinyl-4H-1; 2-dithiin, 
respectively (Kimbaris et al., 2006). A substantial amount of vinyldithins is produced 
from allicin when hexane was used as the extraction solvent. 
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Figure 1.2: Products from the decomposition of allicin (Harris et al., 2001; Tsuchiya and 
Nagayama, 2008). 
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1.2.5 Ajoene 
Ajoene was isolated by Apitz-Castro et al. (1983) from ether fractions of garlic oil 
extract. Block and Ahamed (1984) determined the structure as E and Z isomers of 4, 5, 
9-trithiadodeca-1, 6, 11-triene-9-oxide (Nagawana et al., 1996; Amagase 2006; 
Kimbaris et al., 2006) which was later identified as ajoene (Nagawana et al., 1996; Li et 
al., 2002). Ajoene has been shown to inhibit platelet aggregation, inhibit growth of  
Gram positive and Gram negative bacteria (Nagawana et al., 1996), prevent tumour cell 
growth in vivo and in vitro (Li et al., 2002) and has antifungal activity against different 
fungal species (Yoshida et al., 1987; Davis, 2003). 
 
1.2.6 Antimicrobial properties of garlic 
Garlic compounds have been shown to have a variety of antimicrobial properties 
(Adetumbi et al., 1986; Harris et al., 2001). Amongst these are antifungal, antibacterial, 
antiviral and anti protozoal activities. They have also been shown to have anticancer, 
antithrombotic , anti-inflammatory, antisclerotic and anti-oxidant properties (Miron et al., 
2000; Harris et al., 2001; Miron et al., 2002; Davis et al., 2003; Shadkchan et al., 2004; 
Lemar et al., 2005; Coppi et al., 2006; Miron et al., 2006; Bozlin et al., 2008). Allicin and 
its breakdown products have been shown to be the main active compounds which 
possess these properties (Nagawana et al., 1996; Harris et al., 2001; Davis et al., 2003; 
2005; Coppi et al., 2006). 
 
1.2.6.1 Mechanism of action of garlic 
The mode of action of allicin and its breakdown products has been shown to be a 
reaction between the sulphide-containing molecules and the sulfhydryl (SH) groups in 
proteins of microorganisms (Davis, 2005). Two possible mechanisms of action of allicin 
were suggested by Cavallito et al. (1944) and Wills (1956) respectively. Cavallito et al. 
(1944) suggested that the action of allicin was through the antioxidant properties of 
garlic, which inhibits the peroxidation of lipids. Wills (1956) suggested that the structure 
of allicin allowed its interaction with SH-groups of proteins and other biologically active 
molecules. 
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Rabinkov and co-workers (1998) performed studies on the mechanism of action of 
allicin on thiol groups. They studied the reaction between allicin and the thiol compound, 
L-cysteine, using nuclear magnetic resonance spectroscopy (NMR) and mass 
spectroscopy. This reaction resulted in the formation of the S-thiolation product, S-
allylmercaptocysteine, which was identified through NMR.  
Allicin inhibited cysteine proteinase activity of the amoeba parasite Entamoeba 
histolytica at very low concentrations (1µM) (Ankri et al., 1997). Cysteine proteinases 
give the amoeba parasite its virulence ability and play a role in food degradation within 
the amoebic vacuole (Ankri et al., 1997). Rabinkov et al. (1998), also showed that allicin 
irreversibly inhibited the thiol-protease papain, NADP+ - dependant alcohol 
dehydrogenase from Thermoanaerobium brockii (TBAD) and NAD+ -dependent alcohol 
dehydrogenase from horse liver (HLAD). 
The ability of allicin to cross through artificial and biological membranes using its 
interaction with thiol-containing compounds such as glutathione (GSH) or 2-nitro-5-
thiobenzoate (NTB) was studied by Miron et al. (2000). They showed that allicin diffused 
easily into the cytoplasm of red blood cells and that the lipid bilayers did not prevent 
allicin from penetrating and diffusing into the membranes. The diffusion did not cause 
any leakage, fusion or aggregation of membranes. It was concluded that the biological 
effectiveness of allicin is caused by its high intracellular reactivity with high and low 
molecular weight thiols and its accessibility which results from high membrane 
permeability (Miron et al., 2000). 
 
1.2.6.2 Antifungal activity of garlic 
Schmidt and Marquadt (1936) determined the antifungal activity of garlic by using 
epidermophyte cultures (cited in Harris et al., 2001).  In 1944, Cavallito and his co-
workers (cited in Davis, 2005) also showed that garlic has antifungal properties and that 
allicin was the main antifungal agent. The clinical use of allicin as a sole antifungal 
agent was however, abandoned, because of its strong odour and the instability in 
solution. This led to the assumption that there were other compounds other than allicin, 
such as ajoene, which were responsible for the antifungal properties of garlic (Harris et 
al., 2001; Davis, 2005). 
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Garlic has been shown to have antifungal activity against a variety of different 
fungal species. These include: Candida, Cryptococcus, Trichophyton, Epidermophyton 
and Microsporum species (Yamada and Azuma, 1977; Harris et al., 2001). Allicin 
inhibited the germination of spores and the growth of hyphae of Trichophyton 
mentagrophyte (Yamada and Azuma, 1977). Adetumbi and Lau (1986) reported that 
garlic inhibited the in vitro germination and spherulation of the dimorphic fungus, 
Coccidioides immitis. In Candida albicans, garlic blocked lipid synthesis and inhibited 
protein and nucleic acid synthesis (Adetumbi et al., 1986), reduced the adhesion of 
Candida to buccal epithelial cells (Ghannom, 1990) and caused NADH oxidation, 
glutathione depletion and an increase in reactive oxygen species (Lemar et al., 2005).  
Yin and Tsao (1999) investigated the antifungal effects of Allium plants on 
Aspergillus species. It was reported that garlic bulbs had the lowest minimal fungicidal 
concentration against Aspergillus niger, A. flavus and A. fumigatus respectively (Table 
1.2). 
 
 
Table 1.2: The minimal fungicidal concentration (MFC) of seven allium plants against three 
   Aspergillus species (Yin and Tsao, 1999) 
 
 
 
A. niger 
 
A. flavus 
 
A. fumigatus 
 
Garlic bulb 
 
35±3a 
 
75±5a 
 
104±7a 
Bakeri garlic 517±14a 606±12a 1246±28b 
Chinese leek 91±10 b 243±8b 218±13c 
Chinese chive 117±6b 396±12c 189±9b 
Scallion 960±13f 1065±18c 480±16d 
Onion bulb 748±15c 1536±31g 1329±25f 
Shallot bulb 228±12c 558±10d 474±15d 
 
a-g
 Means with a common superscript within a column are not different (P˃0.05) 
 
Ajoene has been reported to have stronger antifungal activity than allicin (Irkin and 
Korukluoglu, 2007). Yoshida et al. (1987) showed that ajoene damaged fungal cell walls 
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of A. niger which resulted in disappearance of surface structure, thickening of the cell 
wall and destruction of the cell organelles. 
The garlic component, diallyl trisulphide, was shown to have antifungal activity 
against cryptococcal meningitis (Harris et al., 2001), while ajoene inhibited the growth of 
A. niger and C. albicans (Yoshida et al., 1987).  Pai and Platt (1995) studied the effect 
of aqueous garlic extract against Aspergillus species, which are involved in otomycosis. 
The fresh aqueous garlic extract (AGE) showed antifungal activity against Aspergillus 
fumigatus, A. niger, A. terreus and A. nidulans.  
Aqueous bulb extracts of T. violacea and A. sativum were found to be antifungal 
against three Candida albicans strains (Motsei et al., 2003). Methanolic extracts of T. 
violacea inhibited the growth of fungal plant pathogens including Botrytis cinerea, 
Sclerotium rolsii, Rhizoctonia solani, Mycosphaerella pinodes, Botryosphaeria dothidea 
and Pythium ultimum in vitro (Nteso and Pretorius, 2006a) and Mycospherella pinodes, 
in vivo (Nteso and Pretorius, 2006b). 
 
1.2.6.3 Antibacterial activity of garlic 
Garlic has been shown to be effective against a wide range of Gram-negative and 
Gram-positive and acid fast bacteria. Allicin was found to be the main compound 
responsible for the antibacterial action and inhibition of the growth of Gram-positive and 
Gram-negative bacteria (Harris et al., 2001; Coppi et al., 2006). These included 
Pseudomonas, Proteus, Staphylococcus aureus, Escherichia coli, Salmonella, 
Klebsiella, Micrococcus, Bacillus subtilis, Clostridium and Mycobacterium (Feldberg et 
al., 1988; Nagawana et al., 1996; Ankri and Mirelman, 1999; Harris et al., 2001; Coppi 
et al., 2006). Ajoene, an inhibitor of platelet aggregation, was shown to inhibit the 
growth of B. subtilis, M. smegmatis, Streptomyces griseus, S. aureus, Lactobacillus 
plantarum, E. coli, K. pneumonia and Xanthomonas maltophilia (Nagawana et al., 
1996).  
 
1.2.6.4 Antiviral properties 
Very little research has been done on the antiviral properties of garlic. Studies that 
have been done have shown that garlic has in vitro activity against influenza A and B, 
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cytomegalovirus, Herpes simplex virus type 1 and 2, vaccinia virus, viral pneumonia and 
human rhinovirus type 2 (Ankri and Mirelman, 1999; Harris et al., 2001). In the case of 
HIV, ajoene was shown to block integrin-dependent processes and inhibiting the early 
events of viral replication such as viral adsorption (Erkoc et al., 2003). 
 
1.2.6.5 Antiprotozoal properties 
Garlic has been shown to be effective against a wide range of parasites. These 
include Entomoeba histolytica, the human intestinal parasite (Mirelman et al., 1987), 
Giardia intestinalis (Harris et al., 2000), Leptomas colosoma, Crithidia fasciculate (Ankri 
and Mirelman, 1999) and Plasmodium sporozoites (Coppi et al., 2006). 
 
1.3 THE GENUS Aspergillus 
The Aspergillus group is made up of a diverse group of fungi that comprise of at 
least 200 species. Most members of this genus are ascomycetes, which are saprobes 
that live on plants, animals and manmade waste. A few are human and plant 
pathogens, while some species are used in industrial processes and genetic research 
(Geiser et al., 1996; Kale et al., 2008). 
 
The most frequently isolated pathogens of Aspergillus include Aspergillus flavus, 
A. niger, A. terreus and A. fumigatus. These species and a majority of other Aspergillus 
species only produce asexual mitotic spores, which are referred to as conidia. A few 
species produce, meiotic spores (meiospores), while several produce both mitospores 
and meiospores. Aspergillus nidulans is an example of such species that produces both 
meiospores (ascospores) and mitospores (conidia) (Fig 1.3) (Geiser et al., 1996; 
Tsitsigiannis et al., 2004). 
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Figure 1.3: General life cycle for fungi with Aspergillus conidial states (Geiser et al., 1996; 
Tsitsigiannis et al., 2004). 
The conidia and ascospore germinate to form a mycelium. The mycelium develops and 
grows into conidiophores and cleistothecium. The conidiophore form conidia on top of the 
conidiogenous cells, which are known as phialides. The cleistothecium contains asci with 
ascospores and they are covered with thick walled-Hulle cells.  
 
 
 
1.3.1 Conidial germination 
Conidia are important in the life cycle of many fungi, since they serve as a means 
of dispersal and a genomic ―safe house‖ under unfavourable environmental conditions. 
The germination process is triggered by a nutrient source. The conidia swell rapidly and 
increase adhesion to one another and to the substrate. This process is known as the 
isotropic growth phase. The reorganization of the nucleus and hyphal growth takes 
place a few hours later (Osherov and May, 2000; 2001; Lafon et al., 2005; Belaish et al., 
2008). In A. nidulans, the swelling conidium develops a germ tube and is separated by a 
septum. A second germ tube is then formed opposite the first one (Barhoom and 
Sharon, 2004). 
Metabolic activities such as respiration, RNA and protein synthesis, trehalose 
breakdown and activation of cAMP also trigger germination at a molecular level. 
Trehalose is a non-reducing disaccharide that accumulates in fungal spores and other 
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microorganisms during periods of reduced growth (d’Enfert, 1997). It makes up 15% of 
the fungal spore dry mass, protects the spores from stressful conditions and acts as a 
reserve carbohydrate that may be needed during the onset of spore germination 
(D’Enfert, 1997). Osherov and May (2000), proposed a model for conidial germination 
using A. nidulans as a model species (Fig 1.4). They stated that the first step of 
germination involves the uptake and breakdown of a carbon source, causing an 
activation of the rasA signalling pathway. The translation machinery will be activated to 
initiate the loading of pre-existing pools of ribosomal subunits onto messenger RNA 
(mRNA). This would result in the production of newly synthesized proteins that would 
initiate morphological changes, which would lead to the entry into the cell cycle, conidial 
swelling and hyphal growth. 
 
1.3.2 Secondary metabolites 
Secondary metabolism is associated with sporulation process in fungi. Secondary 
metabolites, resulting from secondary metabolism are placed into three categories: (i) 
metabolites that activate sporulation; (ii) pigments needed for sporulation structures and 
(iii) toxic metabolites secreted by growing colonies at the time of sporulation (Calvo et 
al., 2002). The production of these metabolites occurs when the fungus enters the 
stationary growth phase.  
 
1.3.2.1 Mycotoxins 
Mycotoxins are secondary fungal metabolites produced by many species of 
filamentous fungi such as Aspergillus, Fusaruim and Penicillium. Aflatoxins are one of 
the major groups of these toxins produced mainly by Aspergillus flavus and Aspergillus 
parasiticus (Ghorbanian et al., 2007). They are polyketide-derived secondary 
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Figure 1.4: A model for conidial germination (Osherov and May, 2000). 
The germination process is triggered by the presence of a carbon source in the medium. 
This results in conidia swelling, nuclear reorganization, adhesion and later, the 
emergence of a hyphal germ tube. Newly synthesized proteins, allow the cell to enter the 
cell cycle and cell growth takes place.  
 
 
metabolites that form four major toxin groups (B1, B2, G1 and G2) and at least 16 
structurally related toxins (Yu et al., 2004; Hedayati et al., 2007). Aflatoxin B1 is the 
most toxic and potent hepatocarcinogenic compound and has been reported to cause 
human liver cancer in areas where food is often contaminated by this toxin (Allameh et 
al., 2002). 
The contamination of food products (maize, peanuts) with AFB1 poses serious 
health hazards to humans and animals. It has also been estimated that 25% of the 
world’s food crops are contaminated with aflatoxins (Suleman, 2007). Physical 
parameters (temperature), nutritional sources (carbon, nitrogen, simple sugars and 
carbohydrates) and pH can also affect aflatoxin production by Aspergillus (Calvo et al., 
2002; Price et al., 2005). 
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1.4 METHODS USED TO DETERMINE ANTIMICROBIAL EFFECTIVENESS 
OF A COMPOUND 
1.4.1 Dilution methods 
The antimicrobial effectiveness of a compound can be described in terms of its 
minimum inhibitory concentration (MIC). This is the lowest concentration at which the 
compound is capable of inhibiting growth of that particular organism (Mann and 
Markham, 1998).  Dilution methods are used to determine MICs of antimicrobial agents 
and also serve as reference methods for antimicrobial susceptibility testing. The dilution 
method tests for the ability of a microorganism to produce visible growth in microtitre 
wells containing broth or in agar plates in the presence of the antimicrobial compound. 
The lowest concentration of the antimicrobial compound that inhibits visible growth of 
the microorganism is known as the MIC (ESCMID, 2000). 
 
1.4.2 Diffusion methods 
Antimicrobial activity of a compound can also be determined by using agar 
diffusion methods. These techniques are used to test for the potency and efficacy of the 
antimicrobial compound on the microorganism. The two techniques which are 
commonly used are the disk and the well diffusion assay. In the disc assay, the discs 
are soaked in the test solution and placed on the seeded agar surface. The test solution 
can also be added directly onto the disks, after they have been placed onto the seeded 
agar surface. The sample diffuses into the agar around the disc and is assayed for its 
ability to form a zone of inhibition around the disc (Patton et al., 2006). For the well 
assay, wells are made on the seeded agar plate and the test solution is placed in them. 
The sample diffuses into the agar around the well, and is also assayed for its ability to 
form a zone of inhibition. In both of these assays the zones of inhibition are measured 
and are used to determine the efficacy of the test solution on the microorganism (Patton 
et al., 2006). 
 
1.4.3 XTT assays 
Tetrazolium salts are heterocyclic organic compounds that are reduced to 
formazan derivatives by receiving electrons enzymatically from the hydrogen transport 
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system or nonenzymatically from artificial electron transporters. They can penetrate 
rapidly into the intact cells and subcellular membranes with dehydrogenase activity, 
where they are converted to a coloured formazan derivative (Meletiadis et al., 2001). 
2,3-bis [2-methyloxy-4-nitro-5-sulfophenyl]-2H-tetrazolium-5-carboxanilide (XTT) is the 
most commonly used tetrazolium salt in colorimetric antifungal susceptibility testing 
(Brady et al., 2007). It acts as a colourless electron acceptor in its native form and 
becomes reduced by the electron coupling agent, such as menadione, to an orange 
formazan derivative. This happens as a result of the cleavage of the XTT trazolium ring 
by the mitochondrial dehydrogenase of metabolically active cells. The orange formazan 
derivative is soluble in aqueous solution and can be measured spectrophotometrically at 
a range of 430-490nm (Brady et al., 2007; Moss et al., 2008). 
Tetrazolium salt assays have been used to assess the effectiveness of antifungal 
agents by providing the quantitative measurements of cell dependant activities such as 
cell viability (Knight and Dancis, 2006). The XTT assay has been used for rapid 
susceptibility testing of Aspergillus species using a high inoculum biomass, to obtain 
early metabolic signal from fungal species growing at a slow pace (Antachopoulos et al., 
2007). The success of this assay is dependent on the concentration of XTT and 
menadione. A concentration of XTT higher than 200µg/ml can inhibit formazan 
production while lower concentrations can result in poor XTT conversion rates (Tellier et 
al., 1992).  However, it has been shown that at XTT concentrations of 200µg/ml or 
400µg/ml, XTT has no influence on the metabolic activity of Aspergillus species 
(Meletiadis et al., 2001; Antachopoulos et al., 2007). A 25µM concentration of 
menadione together with a high inoculum of 105 -106 conidia/ml results in higher 
metabolic activity in Aspergillus species (Antachopoulos et al., 2007). Higher 
menadione concentrations are toxic to the fungal cells and inhibit XTT conversion 
(Antachopoulos et al., 2007). 
 
1.5 SCOPE OF STUDY 
The aim of the following study was to investigate the effect that aqueous Tulbaghia 
violacea plant extracts have on the growth, morphology and physiology of Aspergillus 
flavus and Aspergillus parasiticus isolates. 
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CHAPTER TWO 
IN VITRO ASSESSMENT OF THE ANTIFUNGAL NATURE OF 
Tulbaghia violacea PLANT EXTRACT 
 
2.1 INTRODUCTION 
Most populations in urban and rural South Africa still rely on traditional medicines 
for their health care needs (Fennel et al., 2004). Herbal medicines derived from a 
variety of cultivated and wild plants form a central part of the culture and traditions of the 
African community. One such plant, Tulbaghia violacea, has been used for the 
treatment of a variety of illnesses including asthma, fever, oesophageal cancer, 
constipation and hypertension (Mackraj et al., 2008). Tulbaghia violacea belongs to the 
same Alleacea family to which Allium sativum or true garlic belongs (Ross, 1999; 
Lanzotti, 2006). It has a small bulbous underground tuber from which emerges white 
fleshy stalks that give rise to strap-like leaves. Groups of ten or more flowers occur at 
the ends of slender stalks. The plant is commonly known as wild garlic, wilde knoffel 
(Afrikaans), itswele lomlambo (Xhosa) or isihaqa (Zulu) (Dyson1998 ; Mackraj et al., 
2008). 
The antifungal activity of Allium plants against a variety of fungi has been widely 
reported. Allium compounds have been shown to be fungistatic and fungicidal against a 
variety of fungi including Aspergillus niger, A. fumigatus, A. terreus, A. flavus, 
Rhodotorula nigracans, Penicillium italicum, P. cyclopium, P. chrysogenum, and 
Cladosporium macrocarpum (Ankri and Mirelman, 1999; Harris et al., 2001; Irkin and 
Korukluoglu, 2007). Tulbaghia violacea has been shown to have antifungal activity 
against a variety of plant pathogens in vivo and in vitro (Lindsey and van Staden, 2004; 
Nteso and Pretorius, 2006a) and its antifungal nature has also been demonstrated on 
the human pathogenic fungus Candida albicans (Motsei et al., 2003). 
The aim of this study was to investigate and compare the antifungal nature of 
aqueous T. violacea plant extracts on Aspergillus flavus and Aspergillus parasiticus 
using the tube, well diffusion, disk diffusion and XTT assays. 
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2.2 MATERIALS AND METHODS 
2.2.1 Reagents and Chemicals 
The reagents and chemicals used during the study were purchased either from 
Sigma-Aldrich (Germany), Merck (South Africa), Lasec (South Africa) or KAT Medical 
(South Africa). 
 
2.2.2 Fungal Strains and Growth Conditions 
The fungal strains used in this study were Aspergillus flavus 2527 (obtained from 
PROMEC, Tygerberg, and Cape Town, South Africa) and Aspergillus parasiticus 
(obtained from University of Wisconsin-Madison, USA).  All cultures were routinely 
grown on potato dextrose agar in an incubator either in darkness or presence of light at 
28°C for 5 days prior to use. When required, spores were harvested by flooding the 
surface of the plates with sterile water, made up of 0.1% Tween 20 and gently scraping 
off the spores with a sterile glass rod. Spore counts were done using a 
haemocytometer. 
 
2.2.3 Preparation of Plant Extract 
Wild field growing Tulbaghia violacea plants were harvested by and obtained from 
Professor Baijnath (Kwazulu Natal). The plant bulbs were separated from the leaves, 
washed thoroughly under running water and immediately homogenized at 4°C in a 
blender with 3-4 volumes of water as the extraction solvent. The blended bulb/water 
mixture was further incubated at 37°C in the dark on an orbital shaker for 48hr. 
Thereafter all plant tissue was removed from the aqueous extract by filtering through 
Whatman No1 filter paper. The filtrate was then filter sterilized by first filtering through a 
0.45µm filter followed immediately by filtering through a 0.22µm filter. Sterilized extract 
was then snap frozen in liquid nitrogen before being freeze-dried in a Virtis freeze drier 
for between 24 to 96hr depending on the volume of the extract that was obtained. 
Freeze dried powder was weighed and stored in the dark at 4°C until required.  When 
needed, stock concentrations of 100mg/ml extract was prepared and stored in the dark 
at 4°C. 
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2.2.4 Tube Assay to Determine the Minimal Inhibitory Concentration (MIC) 
of Plant Extract  
A modified agar dilution method was used to determine the MICs of the plant 
extract on the two Aspergillus species used in this study (Rassoli and Owlia, 2005; 
Rasooli et al., 2006; Irkin and Korukluoglu, 2007). One milliliter of 1x106 spores/ml of the 
respective fungal cultures was first added to sterile test tubes containing 2.5ml of 2x 
Yeast Extract Sucrose (YES) (2% Yeast Extract, 20% Sucrose) broth. Thereafter 
different concentrations of extract (ranging from a final concentration of 5 to 25mg/ml) 
were added to the tubes. This was then followed by the addition of sterile double 
distilled water to bring the final volume to 5ml. Control tubes that did not contain any 
plant extract were also prepared. All assays were done in triplicate and were repeated 
at least once. The tubes were incubated in continuous dark/ at 28°C for 5 days. 
 
2.2.5 Tube Assay to Determine the Minimal Fungicidal Concentration (MFC) 
of the Plant Extract 
After scoring the tubes for presence or absence of growth (from section 2.2.4), 
suspensions from the tubes showing no visible growth were then plated on YES agar 
plates containing no extract, incubated at 28°C for an additional 5 days in the dark and 
monitored for fungal growth. The lowest concentration of extract to show no visible 
growth in the broth after the 5 day incubation period was regarded as the MIC. Minimal 
Fungicidal Concentration (MFC) was determined as the lowest concentration of extract 
at which no growth was found to occur on the agar plates after the additional 5 day 
incubation period. 
 
2.2.6 Well Diffusion Assay 
The agar plates were prepared and seeded with the fungal cultures as described 
for the disk diffusion assay. However, for the Well Diffusion Assay, wells were made in 
the agar before being filled with 200µl of the appropriate extract concentration. In the 
controls, wells were filled with sterile deionised water. All assays were performed in 
triplicate and were repeated at least once. Plates were incubated in the dark at 28°C for 
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5 days. Zones of inhibition that formed around the wells were measured (in mm) every 
24hr. 
 
2.2.7 Disk Diffusion Assay 
Disc diffusion was performed using a modified procedure of Irkin and Korukluoglu 
(2007) and Patton et al. (2006). Glucose Minimal Medium (GMM) [50ml/l 20x salts1 with 
7mM NaNO3; 1ml/l trace elements
2; 55.5mM glucose (dextrose)]; adjusted to pH 6.5 
with NaOH) agar plates were inoculated by spreading 1 x 106 spores of the respective 
fungal cultures onto the surface of the plate before allowing the plates to dry under the 
laminar flow hood for 30min.  Sterile filter disks (10mm) were then placed onto the 
surface of the agar and impregnated with 200µl of extract. The concentrations of extract 
used ranged from 5 to 25mg/ml.  Appropriate controls containing diluent only (no 
extract) were also done. All assays were performed in triplicate and were repeated at 
least once. Plates were allowed to dry for 45min before incubating at 28°C in the dark. 
Zones of inhibition were measured in millimetres (mm) at 24hr interval for a period of 4 
days. 
 
2.2.8 2,3-bis(2-methoxy-4-nitro-5-sulfophenyl)-5-[(phenylamino) carbonyl]-
2H-tetrazolium hydroxide - XTT Assay 
2.2.8.1 Preparation of XTT and Menadione  
The metabolic activity of the A. flavus and A. parasiticus in the presence of the 
plant extract was investigated using a modified procedure of Antachopoulos et al. 
(2007a; 2007b). XTT (Sigma-Aldrich) was dissolved in phosphate buffered saline (PBS) 
at a concentration of 2mg/ml. Menadione stock (Sigma-Aldrich) was prepared  in 
absolute ethanol at a concentration of 10mg/ml. Six microliters of the menadione stock 
was added to the XTT solution to form a 1.25mM XTT/menadione solution in PBS. 
 
 
                                                 
1
 20x salts with NaNO3  (1 litre): NaNO3  (141 mM); KCl (139.5 mM); MgSO4.7H2O (65.24 mM); KH2PO4 (223.39 mM); 
ddH2O (1 litre) 
2
 Trace Elements (100 ml): ZnSO4.7H2O (2.2 g); H3BO3 (1.1 g); MnCl2.4H2O (0.5 g); FeSO4.7H2O (0.5 g); CoCl2.7H2O 
(0.16 g); CuSO4.5H2O (0.16 g); (NH4)6.Mo7O24.4H2O (0.11 g); Na4EDTA (5 g); ddH2O (100 ml) 
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2.2.8.2 Determination of fungal metabolic activity 
Aspergillus flavus and A. parasiticus conidia (1.65 x 106) were first inoculated in 
triplicate into YES medium in flat-bottomed 96-well microtiter plates (LASEC, South 
Africa). To each well was added the appropriate concentration of plant extract before 
adding water to a final volume of 200µl per well. The plates were incubated at 37°C for 
12, 24, 36, 48, 60, 72, 84 and 96hr. After each incubation period 50µl of 
XTT/menadione solution was added to each well, resulting in a final concentration of 
100µg/ml XTT and 25µM menadione The plate was incubated for a further 2hr to allow 
for the conversion of the XTT into its formazan derivative and subsequently shaken for 
2min to mix the reagents. Thereafter, absorbance was measured at 450nm with a 
Power Wave XS plate reader. XTT conversion was measured by subtracting the 
background absorbance (absorbance of the well containing medium and extract but no 
inoculum) as described by Antachopoulos et al. (2007a and b). The experiment was 
repeated at least   twice. 
 
2.2.8.3  Determination of fungal growth inhibition 
The antifungal activity of the plant extracts was determined by first measuring the 
metabolic activity in the presence and absence of the respective plant extracts before 
determining the percentage growth inhibition. Growth inhibition was calculated using the 
formula (∆control - ∆experiment) / ∆control) X 100 as described by Brummer et al. (1999) and 
Chiller et al. (2001). 
 
2.2.9 Statistical analysis  
The student t-test was used for statistical analysis and significance was set at 
p<0.05. 
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2.3 RESULTS 
2.3.1 Tube Assay to Determine the Minimal Inhibitory Concentration (MIC) 
of Tulbaghia violacea Plant Extracts  
A tube assay was performed to determine whether or not aqueous extracts of 
Tulbaghia violacea were inhibitory to A. flavus and/or to A. parasiticus and the minimum 
concentration that was needed to inhibit these fungal cultures. A concentration of 1x 106 
spores of each fungal culture was grown in YES medium in the presence of 0mg/ml, 
5mg/ml, 10mg/ml, 15mg/ml, 20mg/ml and 25mg/ml of extract and incubated at 28°C in 
either continuous light or continuous darkness for 5 days. For A. flavus, extract 
concentrations of 5mg/ml and 10mg/ml were not inhibitory to the fungus and visual 
examination revealed ample fungal growth in tubes containing these concentrations. 
Extract concentrations ranging from 15mg/ml to 25mg/ml were inhibitory to A. flavus 
(Fig 2.1A). The MIC was determined to be between 10 and 15mg/ml. 
In contrast for tubes inoculated with A. parasiticus, fungal growth was observed at 
all the above extract concentrations, including those inhibitory to A. flavus indicating that 
A. flavus was more susceptible to the extract. As the extract concentration was 
increased, mycelial growth was found to progressively decrease (Fig 2.1B). Owing to 
the limited availability of the plant extract, an MIC for A. parasiticus was not determined. 
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Figure 2.1:  Tube assay for (A) Aspergillus flavus and (B) Aspergillus parasiticus MIC 
determination. The tubes were grown in YES medium, in the presence of different 
extract concentrations and were incubated at 28°C for 5 days in the dark. 
 
Control 5mg/ml 10mg/ml 15mg/ml 20mg/ml 25mg/ml 
A 
Control 5mg/ml 10mg/ml 15mg/ml 25mg/ml 20mg/ml 
B 
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2.3.2 Tube Assay to Determine the Minimal Fungicidal Concentration (MFC) 
of the Plant Extract 
From the MIC tests, tubes exhibiting no fungal growth were selected and 0.1ml 
culture then plated onto solid YES medium to determine whether or not inhibition was 
permanent. For A. flavus, at a concentration of 15mg/ml fungal growth was observed on 
agar plates while at 20mg/ml and 25mg/ml concentrations no growth was found to occur 
(results not shown). This indicates that 20mg/ml was the minimal fungicidal 
concentration (MFC) of the extract. For A. parasiticus an MFC was not determined. 
 
2.3.3 Well Diffusion Assay 
The well diffusion assay plates were seeded with the respective fungal cultures, 
the plates allowed to dry before 5mm holes were bored into the agar. The holes were 
then filled with a given volume (200µl) containing different concentrations of 
water/extract mixture. For both fungal species zones of inhibition were observed around 
the wells only after a 48h incubation period. It was found that higher concentrations of 
the plant extract were needed than for the tube assays in order to obtain a zone of 
inhibition around each well. The minimum extract concentration that yielded a clear 
zone of inhibition was 60mg/ml for both A. flavus and A. parasiticus. Further, as the 
concentration of the aqueous plant extract was increased, zones of inhibition also 
increased accordingly (Fig. 2.2, Fig 2.3, Fig 2.4 and Fig 2.5). The greatest degree of 
inhibition was observable after 48hr of incubation. Thereafter, there was generally a 
decline in the degree of inhibition daily for both fungal species tested (Fig. 2.3 and Fig 
2.5). Also, at similar extract concentrations, inhibition zones for A. flavus were always 
larger than that of A. parasiticus again indicating that A. flavus was more susceptible to 
the extract than A. parasiticus. Statistical analysis (t-test) showed that the change in 
zone diameters from the control were significant for each extract concentration (P<0.05) 
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Figure 2.2: Well diffusion assays for Aspergillus flavus at different extract concentrations 
after 48hr of incubation in the dark. The plates were seeded on YES medium and 
incubated at 28°C. 
 
60mg/ml 
70mg/ml 80mg/ml 
90mg/ml 100mg/ml 
Control 
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Figure 2.3: Zones of inhibition for Aspergillus flavus over a 6 day incubation period.  Error bars 
represent the standard deviation for each sample. 
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Figure 2.4: Well diffusion assays for Aspergillus parasiticus at different extract concentrations 
after 48hr in the dark. The plates were seeded on YES medium and incubated at 
28°C. 
 
60mg/ml 
70mg/ml 80mg/ml 
90mg/ml 100mg/ml 
Control 
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Figure 2.5: Zones of inhibition for Aspergillus parasiticus over a 6 day incubation period. The 
error bars represent standard deviation for each sample. 
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2.3.4 Disk Diffusion Assay 
The disk diffusion assay for A. flavus showed a similar pattern to the well diffusion 
assay. Generally, for A. flavus zones of inhibition around the filters increased with an 
increasing extract concentration (Fig. 2.6 and Fig 2.7) with 60mg/ml exhibiting the least 
inhibition and 100mg/ml yielding the highest inhibition. However, zones of inhibition 
were not very clearly formed possibly due to seepage of liquid extract from the disks 
resulting in disk movement during incubation. As with the well diffusion assay greatest 
fungal inhibition was found to occur after 48hr of incubation as evidenced by the largest 
inhibition zone at all extract concentrations tested (Fig 2.7). Thereafter, a general 
decrease in inhibition (decreased zones of inhibition) was observed with lengthening 
incubation time. The disk diffusion assay for A. parasiticus yielded a clearly visible zone 
of inhibition at an extract concentration of 100mg/ml only (Fig 2.8) suggesting that this is 
the minimum extract concentration that is inhibitory to A. parasiticus. The fungus was 
resistant to extract concentrations ranging from 60mg/ml to 90mg/ml (no clearly 
observable zones of inhibition). 
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Figure 2.6: Disk diffusion assay for Aspergillus flavus on solid YES medium after 48hr 
incubation. Filter disks impregnated with different extract concentrations were 
placed onto agar seeded with fungal spores and incubated at 28
o
C in the dark. 
 
 
Control 60mg/ml 
70mg/ml 80mg/ml 
90mg/ml 100mg/ml 
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Figure 2.7: Zones of inhibition for Aspergillus flavus over a 5 day incubation period. Error bars 
represent the standard deviation for each sample. 
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Figure 2.8: Disk diffusion assay for Aspergillus parasiticus on solid YES medium after 48hr of 
incubation. Filter disks impregnated with different extract concentrations were 
placed onto agar seeded with fungal spores and incubated at 28
o
C in the dark. 
Control 60mg/ml 
70mg/ml 80mg/ml 
90mg/ml 100mg/ml 
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2.3.5 2, 3-bis (2-methoxy-4-nitro-5-sulfophenyl)-5-[(phenylamino) carbonyl] 
2H-tetrazolium hydroxide (XTT) Assay 
2.3.5.1 Determination of fungal metabolic activity 
An XTT assay was used to further measure the antifungal activity of the plant 
extract against A. flavus and A. parasiticus. Initially it was found that A. flavus metabolic 
activity increased between 12hr and 24hr of incubation as evidenced by an increase in 
the colour of the wells (Fig 2.9). Fungal metabolic activity appeared earliest in the 
presence of 5mg/ml and 10mg/ml extract after 12hr and 24hr of incubation respectively. 
As the extract concentration was increased to 15mg/ml, 20mg/ml and 25mg/ml, fungal 
metabolic activity was further inhibited as indicated by reduced colouration in the 
respective wells (Fig 2.9). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.9: XTT assay in 96 well microtiter plates indicating the antifungal activity after (I) 12hr 
and (II) 24hr of incubation in increasing concentrations of Tulbaghia violacea plant 
extracts. C = positive control containing spores but no extract; 1 = 5mg/ml; 2 = 
10mg/ml; 3 = 15mg/ml; 4 = 20mg/ml and 5 = 25mg/ml plant extract. Well DC 
contained medium only and no spores; wells D1 to D5 contained media and extract 
but no spores (negative controls). 
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2.3.5.2 Determination of fungal growth inhibition 
Using the XTT assay the antifungal activity of the plant extracts was determined by 
first measuring the metabolic activity in the presence and absence of the respective 
plant extracts before determining the percentage growth inhibition (Brummer et al., 
1999; Chiller et al., 2001). In order to consider the change in metabolic activity/growth 
inhibition to be significant a 50% change in absorbance (LD50) from the control sample 
was set as the threshold. Based on this, over all the time points sampled, 5mg/ml of 
extract had no antifungal effect on A. flavus as shown by growth inhibition of a 
maximum of only 32% after 60hr of incubation. For the higher extract concentrations 
growth inhibition ranged from between 56% to 88% (10mg/ml), 73% and 92% 
(15mg/ml), 92% and 99% (20mg/ml) and 91% and 98% (25mg/ml) respectively (Fig 
2.10). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.10: Percentage growth inhibition of Aspergillus flavus after incubation with various 
concentrations of Tulbaghia violacea plant extracts over a 96hr period. 
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Similarly for A. parasiticus, a 5mg/ml extract concentration failed to exhibit any 
antifungal activity with growth inhibition ranging only between 8% and 37%. Again 
10mg/ml, 15mg/ml, 20mg/ml and 25mg/ml extract concentrations yielded growth 
inhibition ranging between 75% to 86%, 76% to 89%, 80% to 97% and 87% to 97% 
respectively (Fig 2.11). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.11: Percentage growth inhibition of Aspergillus parasiticus after incubation with 
various concentrations of Tulbaghia violacea plant extracts over a 96hr period. 
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2.4 DISCUSSION 
The Aspergilli are a group of diverse fungi that are ubiquitous in nature. Some are 
pathogenic to plants such as A. flavus and A. parasiticus (Horn et al., 1995; Gunterus et 
al., 2007) and others cause diseases in humans and animals such as A. fumigatus 
(Latge, 1999; Gersuk et al., 2006). Many species are capable of producing toxins such 
as sterigmatocystin (A. nidulans) (Bok and Keller, 2004; Calvo et al., 2004; Bok et al., 
2006) and are therefore of great economic concern. Aspergillus flavus and A. 
parasiticus both produce aflatoxins and have very similar genetic and biochemical 
pathways for toxin production (Yu et al., 1995; Cary et al., 1996; Yu et al., 2004). 
Extracts derived from garlic have been shown to be antifungal to a variety of 
different fungi including Aspergillus (Pai and Platt, 1995; Benkeblia, 2004).  In particular 
ajoene (Yoshida et al., 1987) and allicin (Shadkchan et al., 2004) were found to be 
inhibitory towards species of Aspergillus. In a similar manner, Lindsey and van Staden 
(2004) showed that extracts derived from wild garlic (T. violacea) also inhibited mycelial 
growth of B. cinerea, P. ultimum and R. solani. These findings were further supported 
by the work of Nteso and Pretorius (2006a; 2006b) that showed that T. violacea extracts 
have antifungal activity against a variety of other plant pathogens both in vivo and in 
vitro. These researchers tested T. violacea aerial (leaves and stems) and underground 
(bulbs and roots) parts for antifungal activity and found that the most effective 
antimicrobial activity was obtained when using the bulbs and roots. 
In this study the tube assay showed that T. violacea extracts were capable of 
inhibiting the growth of A. flavus at a minimal inhibitory concentration of 15mg/ml whilst 
20mg/ml and above were fungicidal. Surprisingly, A. parasiticus was not inhibited at 
25mg/ml. The fungus did, however, exhibit progressively reduced growth at 15mg/ml, 
20mg/ml and 25mg/ml for the tube assay. This indicated that A. parasiticus was more 
resistant to the inhibitory components in the extract than A. flavus. Although there is a 
high degree of molecular and structural similarity between these two fungi, Rodrigues et 
al. (2007) have reported that the conidial cell walls of A. flavus are relatively thinner than 
those of A. parasiticus. This may explain the difference in sensitivity to the extract 
between these two fungi as the extract may easily penetrate the cell walls of A. flavus 
spores resulting in rapid accumulation within the spore. The relatively thicker cell walls 
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of A. parasiticus spores may retard entry into the spore thereby contributing to the 
observed relative decrease in sensitivity to the extract. 
Inhibition of both fungal species required higher extract concentrations when 
performed in solid media. For the well and disk diffusion assays, a minimum inhibitory 
concentration of 60mg/ml and 100mg/ml extract was required for inhibition of A. flavus 
and A. parasiticus respectively. Again, the difference in extract concentration between 
these two fungi could possibly be explained by differences in the thickness of the 
respective cell walls. 
The difference in MICs between the tube and well/disk assays is attributed to 
diffusion of the extract into the surrounding agar from the wells/disks. This diffusion in 
effect created an extract gradient around the wells/disks with the highest concentrations 
being closest to the wells/disks and the lowest being furthest from the wells/disks. It is 
deduced that fungal growth was supported only when the extract concentration in the 
agar dropped below the tube MIC for each fungus (e.g. 15mg/ml for A. flavus). As a 
consequence progressively higher extract concentrations yielded progressively greater 
degrees of inhibition (larger inhibition zones). This is similar to the findings of Rasooli et 
al. (2006) who showed that higher concentrations of T. eriocalyx and T. x-porlock 
essential oils yielded greater degrees of inhibition to the growth of A. niger. It is 
therefore concluded that the tube assay provided a more accurate determination of the 
MIC than the well or disk diffusion assays since under liquid conditions the extract was 
more homogenously present throughout the culture liquid and no differential gradient 
could be established. 
For both the well and disk diffusion assays, measurements taken over a 5 day 
period indicated a steady decrease in the diameters of the zones of inhibition at all 
extract concentrations. Again this may due to the diffusion effect described above 
thereby allowing fungal ingress into the inhibition zone. It is not due to instability of the 
active compounds in the extract because in the tube assay a concentration of 15mg/ml 
continued to inhibit A. flavus growth over a five day incubation period at 28oC. Only 
when the extract was diluted out by plating was the fungus found to resume normal 
growth indicating that the active compound was stable and functional for at least 5 days. 
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Antachopoulos et al. (2006) successfully quantified fungal growth by measuring 
the metabolic activity of germinating fungal spores via the XTT assay. They found that 
changes in metabolic activity could be determined via the XTT assay before visual or 
spectrophotometric detection. The current study found that changes in metabolic activity 
could be detected as early as 12hr after spore inoculation (Fig 2.9) as opposed to 48hr 
with the tube and plate diffusion assays. Generally, the results were very similar to that 
obtained by the tube assays. In the presence of plant extract, both A. flavus and A. 
parasiticus exhibited decreased colour development for the XTT assay over the control 
thereby indicating reduced metabolic activity and hence reduced fungal growth. Thus 
the XTT assay proved to be more sensitive than the tube assay for analyzing the 
antifungfal activity of T. violacea plant extracts.  
The percentage growth inhibition of A. flavus and A. parasiticus in the presence of 
increasing concentrations of the plant extract was also assayed via the XTT assay. It 
was again found that for both species generally higher extract concentrations resulted in 
greater inhibition. An extract concentration of 5mg/ml had a low inhibitory effect (less 
than the threshold of 50%) and greatest inhibition was obtained with 10mg/ml and 
above (Fig 2.10 and Fig 2.11). These findings are consistent with results of the tube, 
well and disk diffusion assays. In contrast to the tube assay which showed that 20mg/ml 
and above was fungicidal for A. flavus, slight (1-2%) metabolic activity was detectable 
with the XTT assay at 20mg/ml and 25mg/ml extract concentrations. This again 
indicates that the XTT assay can be effectively used to routinely monitor the antifungal 
nature of plant extracts and is a much more sensitive procedure than either the tube, 
well or disk diffusion assays. 
Although various reports have suggested incubation times of between 6hr to 48hr 
at 37oC when doing the XTT assay (Brummer et al., 1999; Antachopoulos et al., 2007a; 
2007b), the current study was done over 96hr at 37oC in order to compare trends in the 
results to that of the tube, well and disk diffusion assays. Generally there was good 
agreement between the trends observed with the XTT assay and the tube/well/disk 
assays. Longer incubation periods generally resulted in greater inhibition, but there was 
greater fluctuation in absorbance readings. This may be attributed to possible 
degradation of the extracts at the higher (37oC) temperature, loss of reagents through 
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evapouration, changes in fungal metabolism induced by the higher temperature and/or 
experimental error. Under the current experimental conditions the best XTT results were 
obtained after 24hr of incubation. 
At this stage the active compounds that contribute to the antifungal nature of T. 
violacea (wild garlic) are not known and a mechanism therefore cannot be suggested. 
Several reports indicate that allicin and ajoene isolated from true garlic have antifungal 
(Yoshida et al., 1987; Shadkchan et al., 2004; Davis, 2005) and antibacterial (Feldberg 
et al., 1988; Nagawana et al., 1996; Ankri and Mirelman, 1999; Tsao and Yin, 2001) 
activities and it is possible that similar compounds may also be found in T. violacea. 
However, Brodnitz et al., (1971 cited by Harris et al., 2001) and Irkin and Korukluoglu 
(2007) reported that allicin is a very unstable compound which is easily broken down. 
Owing to the stability of the active compounds found in the crude extracts in the present 
study, it is indicated that allicin may not be involved in the inhibition observed here. 
Further studies are required to fully elucidate the active antifungal compounds present 
in T. violacea before a mechanism of inhibition may be suggested. 
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CHAPTER THREE 
EFFECT OF Tulbaghia violacea PLANT EXTRACT ON THE 
PHYSIOLOGY OF Aspergillus spp 
 
3.1 INTRODUCTION 
Aspergillus flavus and A. parasiticus are plant pathogens that reproduce primarily 
through asexual reproduction. Asexual spores called conidia arise by mitotic division 
and play an important role in the life cycle of many fungi. They offer protection to the 
fungal genome during unfavourable environmental conditions (Ram et al., 2004) and 
are a principal means of dispersal (Belaish et al., 2008). Spore germination is essential 
for substrate colonization and fungal survival. Once a spore lands on a suitable 
substrate, spore dormancy is broken and germination is triggered by nutrient availability. 
The spore then swells, becomes firmly attached to the substrate and establishes cell 
polarity, before forming a germ tube (Osherov and May, 2001; Barhoom and Sharon, 
2004; Belaish et al., 2008;). Thereafter the germling elongates into a hypha before 
mitotically dividing its nucleus and laying down septa (cross walls) to separate nuclei 
into individual fungal compartments. The hypha then branches and each branch can 
continue to independently elongate and branch further resulting in the development of a 
fungal colony. 
Some medicinal plant extracts have been reported to have antifungal activity 
against a variety of fungi (Hernandez et al., 1999; Paranagama et al., 2003). In 
particular Yamada and Azuma (1977) found that allicin affected the germination of 
Trichophyton mentagrophytes spores and Singh et al., (1992) showed that ajoene 
inhibited Phytophthora drechsleri f. sp. cajani zoospore germination. Garlic extracts 
have been shown to also inhibit the synthesis of lipids, nucleic acids and proteins of 
Candida albicans (Adetumbi, et al., 1986). Some components isolated from the plant 
extracts have induced changes in the morphology of fungi (Yamada and Azuma, 1977; 
Yoshida et al., 1987). It therefore appears that different medicinal plant extracts have a 
range of different mechanisms for inhibiting fungal growth.  
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The current study investigated the effect of T. violacea plant extracts on the 
growth, ultrastructure and physiology of A. flavus and A. parasiticus with the intention of 
elucidating a possible mechanism of fungal inhibition. 
 
 
3.2 MATERIALS AND METHODS 
3.2.1 Microscopic Evaluation of Spore Germination 
Germination in the different extract concentrations was measured by counting the 
number of germinating spores under the light microscope using a modified procedure 
described by Chang et al. (2004) and Suleman (2007). Microscope slides were overlaid 
with 2.5ml of GMM agar containing the appropriate concentrations of extract. Each slide 
was inoculated with 1x103 spores of the respective Aspergillus culture. The slides were 
then placed in a petri dish containing water-saturated filter paper to maintain high 
humidity. Petri dishes were incubated at 28°C in continuous dark until swelling of the 
conidia and the initial formation of a germ tube was observed. Thereafter, germination 
was monitored every 6hr until all spores on the slide had germinated. Germination was 
regarded to have taken place when at least 10% of the spores in the same field of view 
had germinated. The experiment was done in triplicate and was repeated once.  
 
3.2.2 Evaluation of Spore Germination via Measurement of Metabolic 
Activity 
The metabolic activity of germinating A. flavus and A. parasiticus spores was done 
as described in section 2.2.8.1 and section 2.2.8.2. 
 
3.2.3 Light Microscopic Evaluation of Fungal Physiology 
3.2.3.1 Spore germination 
Fungal spores obtained from section 3.2.1 were also examined microscopically to 
determine the effects of different extract concentrations on the physiology of 
germinating spores. 
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3.2.3.2 Calcofluor white staining of cell walls 
 Microscope slides were overlaid with 2.5ml of GMM agar (prepared as described 
in section 3.2.1) containing the appropriate concentrations of plant extract. In triplicate 
plates, a concentration of 1 X 103 fungal spores were inoculated onto the surface of the 
agar and incubated at 28oC for 24 to 48hr with 100% humidity (Ram et al., 2004). Upon 
germination a drop of Calcofluor White (Sigma) stain was added directly to the 
germlings on the agar surface and immediately followed by the addition of one drop of 
10% KOH. The stain was allowed to stand for 30 sec before cultures were viewed under 
UV light in an Olympus BX 600 fluorescence microscope (Olympus). Photographs of the 
fluorescent fungal cross walls were taken with a Cannon A640 powershot digital 
camera.  
 
3.2.3.3 4', 6-Diamidino-2-phenylindole (DAPI) staining of nuclei 
 4', 6-Diamidino-2-phenylindole (DAPI) staining was used to determine whether or 
not the T. violacea plant extract had a negative effect on nuclear (DNA) material. Fungal 
spores were prepared in the same manner as that for Calcofluor staining but staining 
was performed according to the manufacturer’s guide. Initially a 5mg/ml stock solution 
of DAPI (Molecular Probes) was prepared in phosphate buffered saline (PBS, pH 7.0). 
Just prior to use, the stock was diluted to 300nM with PBS and 300µl of diluted stain 
was added to the germlings on the glass slide. The stain was allowed to stand for 5 to 
10min. This was followed by a brief wash with PBS (Barhoom and Sharon, 2004). The 
slides were then viewed under UV light in an Olympus BX 600 fluorescence 
microscope. Photographs of the fluorescent nuclei were taken with a Cannon A640 
powershot digital camera. 
 
3.2.4 Electron Microscopic Analysis of Fungal Physiology 
Fungal cultures were grown in YES agar plates with 5mg/ml, 10mg/ml and 
15mg/ml extract concentrations in continuous darkness at 28oC for a period of 4 days. 
The plates with the fungal mycelia were then sent to the Electron Microscope Unit 
(Rhodes University, Grahamstown) for Transmission and Scanning Electron Microscopy 
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to determine any changes that might have been induced by the plant extract on the 
internal and surface ultrastructure of each fungal isolate. 
 
3.2.5 Aflatoxin Analysis 
3.2.5.1 Aflatoxin induction and extraction 
The method used for the extraction of aflatoxins was a modified procedure 
performed by Criseo et al., (2001) and Suleman (2007). A concentration of 1 x 106 
spores of either A. flavus 2527 or A. parasiticus was inoculated into 10ml of YES 
medium buffered to pH 4.0. Concentrations of extract ranging from 0 to 25mg/ml were 
then added to the appropriate flasks. Flasks were incubated at 28°C in the dark as 
stationary cultures for 5 days. Flasks containing no plant extract served as positive 
controls. After 5 days, all mycelial growth was harvested and weighed then finely 
ground with a mortar and pestle in the presence of 15ml of chloroform. The ground 
slurry and liquid broth from each flask were transferred to a sterile 50ml Falcon tube 
(Corning). The final volume of chloroform in each tube was brought up to 20ml. The 
slurry/chloroform mixture was vortexed for 5min then allowed to stand in a laminar hood 
for 16hr. The mixture was then centrifuged at 10,000xg for 15min. After centrifugation, 
the aqueous supernatant was discarded and the lower organic layer was filtered 
through Whatman No1 filter paper. The filtrate was then filtered through anhydrous 
sodium sulphate powder at least three times. The extracts were evapourated to dryness 
under nitrogen gas. Dried extracts were resuspended in 200µl of chloroform, transferred 
to a sterile Eppendorf tube and stored at -20°C in the dark until used.  
 
3.2.5.2 Thin layer chromatography (TLC) detection of aflatoxin B1 
Aflatoxins were detected by TLC on silica coated gel plates (Merck). Ten 
microliters of toxin from each isolate and one microliter (2000ng) of the standard was 
spotted onto the surface of a TLC plate. The plate was developed using chloroform: 
acetone: water (90:9:1) as the developing solvent and development was allowed to take 
place for 45 to 60min. The plates were dried and viewed under long wavelength UV light 
(360nm) which causes aflatoxin B1 to fluoresce bright blue. Photographs of the TLC 
plate containing the aflatoxins were taken using the Alpha Imager (AlphaInotech) 
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imaging system. Fluorescence intensity of the aflatoxins was measured and compared 
to that of the known standard using the densitometry function of the Alpha Imager. 
3.2.6 Analysis of Fungal Lipids 
3.2.6.1 TLC analysis of crude lipid extracts 
Lipids were extracted and detected using modified procedures of Blight and Dyer 
(1959), Ames (1968) and Birch et al. (1998). A concentration of 1 x 106 spores of A. 
flavus 2527 and A. parasiticus were each inoculated into 10ml of YES medium 
containing the appropriate concentrations of plant extract. The flasks were incubated at 
28°C for 5 days in the dark. Thereafter the mycelia was harvested and freeze-dried for 
24hr. Thereafter, 0.5mg of dried mycelium was first crushed with a sharp metal tool in 
an Eppendorf tube, then transferred to a Falcon tube and mixed with 3ml of methanol: 
chloroform (2:1). The mixture was vortexed for 1min then allowed to extract for 4hr on 
the bench top at room temperature. The tubes were centrifuged at 10,000xg for 10min 
and the supernatant was transferred to a new tube. A second extraction procedure was 
performed on the crushed mycelium for an additional 4hr. After centrifugation, the 
supernatants were pooled and allowed to evapourate to dryness under nitrogen gas 
before resuspending the remaining residue in 1ml of chloroform.  Ten microliters of lipid 
suspension from each tube was then spotted onto duplicate TLC plates. 
Chloroform:methanol:acetic acid:water (80:12:15:4) was used as the developing solvent 
(Fowler et al., 1987) and plates were allowed to develop for 45-60min. Plates were 
allowed to air dry and lipids were detected using iodine crystals. Iodine crystals were 
placed into a TLC tank with the developed TLC plate where the iodine vapours reacted 
with and stained any available neutral lipid yellow-brown in colour.  
 
3.2.6.2 Triglyceride assay 
 1 x 106 spores of the respective fungal cultures were grown in liquid YES medium 
containing different extract concentrations, harvested and freeze-dried for 24hr. The 
dried mycelium was weighed and 0.5mg of culture was transferred into an eppendorf 
tube and crushed in 500µl of Triton-X-100. The tubes were centrifuged at 10000 g for 
5min, supernatant removed and the pellet discarded. Fifty microliters of the supernatant 
was transferred to the 96-well plate and mixed with 150µl of the triglyceride reagent. 
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The mixture was incubated at 37°C for 5min and the absorbance was measured at 
512nm on the Power Wave XS plate reader. A sample that had no extracted added to it 
was regarded as the positive control.  
 
 
3.3 RESULTS  
3.3.1 Effect of Plant Extracts on Spore Germination 
3.3.1.1 Microscopic evaluation of spore germination 
The effect of varying concentrations of T. violacea plant extracts on the 
germination of the fungal cultures was initially determined by counting germinating 
spores every six hours over a 102hr incubation period under a light microscope. 
Microscopic evaluation indicated that for both species, spores of the control (0mg/ml 
extract) germinated after 6hr and 100% germination was achieved after 18hr of 
incubation (Fig 3.1 and Fig 3.2). However, in the extract-treated samples germination 
was delayed in a dose dependent manner (Table 3.1). For A. flavus and A. parasiticus 
an extract concentration of 5mg/ml inhibited spore germination the least since for both 
species germination was observed after 18hr and 100% germination was achieved after 
36hr of incubation (Fig 3.1 and Fig 3.2). An extract concentration of 10mg/ml delayed 
spore germination, in A. flavus, to 54hr, as opposed to 18hr in A. parasiticus. Similarly 
A. flavus spore germination was initiated at 60hr in contrast to 48hr in A. parasiticus. 
Extract concentrations at 20mg/ml and 25mg/ml totally inhibited A. flavus spore 
germination over the sampling period but merely delayed spore germination in A. 
parasiticus to 72hr and 78hr respectively.  
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Figure 3.1: Germination of Aspergillus flavus spores in different extract concentrations over a 
102hr period at 28°C in the dark. Error bars indicate the standard deviation for each 
sample. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.2: Germination of Aspergillus parasiticus spores in different extract concentrations 
over a 102hr incubation period at 28°C in the dark. Error bars indicate the standard 
deviation for each sample. 
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Table 3.1: Comparison of germination periods between Aspergillus flavus and Aspergillus 
   parasiticus in different concentrations of Tulbaghia violacea extracts. 
 
 
†
 Initial point when germination was detected 
#
 point where 100% germination was achieved 
§
 no germination was observed 
ND
 not determined 
 
 
 
 
 
 
 
 
 
 
EXTRACT CONCENTRATION FUNGAL SPECIES 
 A. flavus A. parasiticus 
 Begin
†
 End
#
 Begin End 
     
 0mg/ml (Control) 6hr 18hr 6hr 18hr 
5mg/ml 18hr 36hr 18hr 36hr 
10mg/ml 54hr 78hr 18hr 42hr 
15mg/ml 60hr 84hr 48hr 72hr 
20mg/ml nil
§
 nil 72hr >102hr
ND
 
25mg/ml nil nil 78hr >102hr
ND
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3.3.1.2 Determination of metabolic activity of spores 
The XTT assay was used to further determine the effects of the plant extracts on 
germination by measuring the appearance of metabolic activity in germinating spores. 
From the results of the tube assays (section 2.1) it was empirically determined that the 
change in absorbance (Δ450nm) between sampling points for each extract 
concentration had to be set at a threshold of 25% of that of the initial (12hr) sampling 
point to be regarded as different. Based on this criterion a significant change for the 
control was found to occur only after 36hr of incubation in both A. flavus and A. 
parasiticus (Table 3.2 and Table 3.3). For A. flavus the change in metabolic activity 
became significant only after 36hr (5mg/ml and 10mg/ml), 48hr (15mg/ml), 60hr 
(20mg/ml) and 72hr (25mg/ml) respectively (Fig 3.3). Similarly, for A. parasiticus, the 
change in metabolic activity became significant only after 36hr (5mg/ml, 10mg/ml, 
20mg/ml and 25mg/ml) and 48hr (15mg/ml) (Fig 3.4). For both A. flavus and A. 
parasiticus the extract seems to delay spore germination. 
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Figure 3.3: Changes in the metabolic activity of Aspergillus flavus in the presence of different 
concentrations of Tulbaghia violacea plant extracts over a 96hr incubation period. 
Error bars denote the standard deviation for each sample. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.4: Changes in the metabolic activity of Aspergillus parasiticus in the presence of 
different concentrations of Tulbaghia violacea plant extracts over a 96hr incubation 
period. Error bars denote the standard deviation for each sample. 
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Table 3.2: Percentage change in absorbance for Aspergillus flavus at each time point relative to 
the initial (12hr) absorbance. 
 
INCUBATION 
PERIOD 
EXTRACT CONCENTRATION 
 Control 5mg/ml 10mg/ml 15mg/ml 20mg/ml 25mg/ml 
       24hr 9.17 16.40 -31.03 -42.95 -9.79 -38.29 
36hr 60.37 35.05 91.13 -44.23 11.34 -55.70 
48hr 95.87 70.19 230.79 144.23 -69.59 -29.43 
60hr 129.17 72.06 313.3 142.69 218.56 -56.96 
72hr 140.26 100.85 294.46 91.79 203.61 61.71 
84hr 151.97 110.66 393.35 95.90 234.54 70.2532 
96hr 147.37 114.01 356.58 87.95 -0.52 120.57 
        
 
 
Table 3.3: Percentage change in absorbance for Aspergillus parasiticus at each time point 
relative to the initial (12hr) absorbance. 
 
 
 
 
 
INCUBATION 
PERIOD 
EXTRACT CONCENTRATION 
 Control 5mg/ml 10mg/ml 15mg/ml 20mg/ml 25mg/ml 
       24hr -2.50 5.89 -7.69 -24.57 -35.42 -43.40 
36hr 38.17 48.13 39.65 18.47 164.88 92.53 
48hr 79.89 74.79 127.81 154.62 101.19 139.29 
60hr 118.29 62.22 85.80 282.03 45.24 -23.38 
72hr 129.32 77.15 104.44 188.92 32.14 115.58 
84hr 130.26 98.41 58.14 204.26 6.25 12.99 
96hr 128.76 91.17 91.86 169.74 -30.66 15.91 
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3.3.2 Microscopic Examination of Fungal Physiology 
3.3.2.1 Spore germination  
Microscopic examination revealed that spores of both Aspergillus species 
germinated much later in the presence of Tulbaghia violacea extracts at all 
concentrations tested. Spores of A. flavus did not germinate at extract concentrations of 
20mg/ml and 25mg/ml. When spores did germinate, they initially formed short germ 
tubes that elongated to form short hyphae. These hyphae, in turn, were capable of 
growing and branching normally to eventually form mycelia. However, in 15mg/ml there 
was a marked and very observable increase in hyphal granulation with the simultaneous 
appearance of many vesicles in the hyphae of both A. flavus and A. parasiticus (Fig 3.5 
and Fig 3.6).  
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Figure 3.5: Germination of Aspergillus flavus in the presence of different extract 
concentrations showing the formation of germ tubes and branched and 
unbranched hyphae. The fungus was seen to germinate normally in A (control), B 
(5mg/ml) and C (10mg/ml) extract concentrations while in D (15mg/ml) there is a 
change in the hyphal contents to a more granular appearance and increased 
production of vesicles. 
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Figure 3.6: Germination of Aspergillus parasiticus in the presence of different extract 
concentrations showing the formation of germ tube and branched and unbranched 
hyphae. The fungus seems to germinate normally in A (control), B (5mg/ml) and C 
(10mg/ml) extract concentrations while in D (15mg/ml) there is a change in hyphal 
contents to a more granular appearance and increased production of vesicles.  
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3.3.2.2 Calcofluor white staining of cell walls 
The effect of the plant extract on cell wall structure was investigated by staining 
with calcofluor white and observing the fluorescence under UV light in a light 
microscope. In both A. flavus and A. parasiticus, samples treated with plant extracts 
exhibited no differences in cell wall structure when compared to the control. The cell 
walls and septa remained intact and the cross walls of younger hyphae and fungal tips 
fluoresced more brightly than that of the older regions of the mycelia at all extract 
concentrations tested (Fig 3.7 and Fig 3.8). 
 
 
 
 
 
73 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.7: Calcofluor stained Aspergillus flavus showing the presence of cross walls in both 
the control and the extract-treated sample. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.8: Calcofluor stained Aspergillus parasiticus showing the presence of cross walls in 
both the control and the extract-treated samples. 
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3.3.2.3 DAPI Staining of Nuclei 
 
The effect of the plant extract on the integrity of nuclear material (DNA) was 
determined by staining with DAPI and observing the fluorescence under UV light in a 
light microscope. In both A. flavus and A. parasiticus, the nuclear material fluoresced 
bright blue at all concentrations of plant extracts. Both fungi exhibited no differences in 
nuclear staining when compared to that of the control (Fig 3.9 and Fig 3.10). DAPI 
staining therefore indicated that the nuclei at all extract concentrations tested were 
intact i.e. no observable DNA damage could be detected. 
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Figure 3.9: DAPI stained Aspergillus flavus showing the presence of intact nuclei in the 
control and extract-treated samples. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.10: DAPI stained Aspergillus parasiticus showing the presence of intact nuclei in the 
control and extract-treated samples. 
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3.3.2.4 Transmission Electron Microscopy 
Transmission electron microscopy (TEM)  results for A. flavus and A. parasiticus 
showed a change in the cell wall structure in the presence of the plant extract (Fig 3.11 
and Fig 3.12). There was a progressive thickening of the cell wall as the concentration 
of the plant extract was increased in both cases (i.e. as the concentration of the plant 
extract was increased the cell wall appeared to become thicker). This was most obvious 
for A. flavus and less so for A. parasiticus. The cell wall of A. flavus appeared to have 
enlarged to a greater degree than that of A. parasiticus. Other cellular changes were not 
very clear and seemed to be variable. 
 
3.3.2.5 Scanning Electron Microscopy 
Scanning electron microscopy (SEM) of A. flavus and A. parasiticus did not show 
any morphological changes to have occurred in the surface structure of both fungi after 
growth in the presence of different concentrations of the plant extract ( Fig 3.13 and Fig 
3.14). Mycelial hyphae, conidiophores and condia were found to remain intact. Conidia 
continued to form in clustures and in chains in the presence of the plant extract. 
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Figure 3.11: Transmission electron microscopy (TEM) of Aspergillus flavus at 500x 
magnification after growth on potato dextrose agar in the presence of different 
extract concentrations. CW = cell wall. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.12: Transmission electron microscopy (TEM) of Aspergillus parasititcus at 500x 
magnification after growth on potato dextrose agar in the presence of different 
extract concentrations. CW = cell wall. 
CW 
CW 
Contr
ol 
15mg/ml 
CW 
10mg/ml 
CW 
5mg/ml 
CW CW 
Control 
15mg/ml 
CW 
Control 
CW 
5mg/ml 
CW 
10mg/ml 
CW 
78 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.13: Scanning electron microscopy of Aspergillus flavus at 500x magnification after  
  growth in different extract concentrations. C = conidiophore; S = clusters and  
  chains of spores; M = mycelium; Me = young metulae 
 
  
. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.14: Scanning electron microscopy of Aspergillus parasiticus at 500x magnification 
after growth in different extract concentrations. C = conidiophore; S = clusters of 
spores 
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3.3.3 Aflatoxin B1 Production 
The effect of T. violacea plant extracts on the production of aflatoxins by the two 
fungal species was investigated. Each fungus was separately grown in the presence of 
the appropriate concentrations of the extract, the mycelium harvested before isolating 
and detecting aflatoxin B1. For A. flavus ample aflatoxin B1 was produced in the 
presence of 5mg/ml and 10mg/ml plant extract (Fig 3.15A). At a concentration of 
15mg/ml, mycelial growth was inhibited and therefore no aflatoxin B1 was detectable. 
For A. parasiticus, variable results were obtained and therefore the results proved to be 
inconclusive (Fig 3.15B). With increasing extract concentrations mycelial growth 
decreased. As a consequence, with 15mg/ml very little mycelial growth was observed 
and hence less aflatoxins was obtained.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.15: Thin layer chromatography (TLC) of (A) Aspergillus flavus and (B) Aspergillus 
parasiticus aflatoxins produced in the presence of increasing concentrations of 
plant extract. A commercial standard was used to compare the intensity of the 
control with that of the extract treated samples. 
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3.3.4 Analysis of Fungal Lipids 
3.3.4.1 TLC analysis of crude lipid extracts 
The effect of the extract on fungal lipid content by the two fungal species was 
also investigated. Extracted lipids were separated on a TLC plate and were visualised 
using iodine vapours. The iodine vapours stained the lipids resulting in the appearance 
of yellowish-brown bands. For A. flavus at a concentration of 5mg/ml the lipid content 
appeared to be similar to that of the control indicating no inhibition (Fig 3.16A). 
However, at 10mg/ml and 15mg/ml there was an observable progressive decrease in 
lipid content when compared to the control. The higher extract concentrations resulted 
in greater inhibition of lipid content i.e. the intensity of the bands decreased as the 
concentration of the extract was increased from 5 to 15mg/ml for A. flavus. At an extract 
concentration of 15mg/ml the lipid band was barely detectable. Similarly, in A 
parasiticus, fewer lipids were observed in the presence of 5mg/ml, 10mg/ml and 
15mg/ml extract concentrations when compared to the control (Fig 3.16B). However, 
there did not appear to be a large decrease in lipid content with an increasing extract 
concentration. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.16:  Thin layer chromatography analysis of (A) Aspergillus flavus and (B) Aspergillus 
parasiticus lipid extracts after growing in the presence of increasing Tulbaghia 
violacea extract concentrations and staining with iodine vapours. C = control; 5 = 
5mg/ml, 10 = 10mg/ml and 15 = 15mg/ml extract concentrations respectively. 
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3.3.4.2 Triglyceride assay 
A spectrophotometric determination of the triglyceride content of A. flavus and A. 
parasiticus was investigated to determine if the extract had any effect on fungal 
triglycerides. A 5mg/ml extract concentration showed no change in triglyceride content 
for A. flavus, but the triglyceride concentration increased by 54% at 10mg/ml over the 
control (Fig 3.17). However, at 15mg/ml extract concentration the triglyceride content 
decreased by 13% from that of the 10mg/ml concentration. Likewise for A. parasiticus, 
there was a 60% and 80% increase in the triglyceride content at 5mg/ml and 10mg/ml 
over that of the control (Fig 3.18). Similar to the trend in A. flavus, at 15mg/ml there was 
a 42% decrease in triglyceride content from that of the 10mg/ml concentration. 
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Figure 3.17: The effect of Tulbaghia violacea extracts on triglyceride content in Aspergillus 
flavus. Error bars represent the standard deviation for each sample. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.18: The effect of Tulbaghia violacea extracts on triglyceride content in Aspergillus 
parasiticus. Error bars represent the standard deviation for each sample. 
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3.4 DISCUSSION  
Many extracts derived from medicinal plants have been shown to have antifungal 
activity against Aspergillus spp (Benkeblia, 2004; Majhenic et al., 2007). Essential oils 
of Thymus eriocalyx and T. X-porlock (thyme) inhibited fungal growth of A. niger 
(Rasooli et al., 2006) and fungal growth and mycotoxin production in A. parasiticus 
(Rasooli and Owlia, 2005). Rasooli et al., (2008) also reported that the essential oils of 
Rosmarinus officinalis and Trachyspermum copticum L. inhibited mycelial growth and 
aflatoxin production by A. parasiticus. A more extensive study by Soliman and Badeaa 
(2002) found that oils of thyme, cinnamon, marigold, spearmint, basil and quyssum was 
capable of inhibiting the growth of A. flavus, A. parasiticus, and A. ochraceus under their 
test conditions. These essential oils could be regarded as safe substitutes for synthetic 
toxic fungicides especially required to reduce toxin contamination of food. Additionally 
various reports have demonstrated that T. violacea extracts have antifungal activity 
against a variety of different fungi (Lindsey and van Staden, 2004; Nteso and Pretorius, 
2006a; 2006b). An earlier part of the current study (Chapter two) demonstrated that T. 
violacea extracts exhibited antifungal activity against A. flavus and A. parasiticus. 
In this study the cause of inhibition was investigated by examining the physiology 
and ultrastructure of both fungi in the presence of T. violacea extracts. Spore 
germination in the presence of varying extract concentrations was evaluated both by 
doing microscopic counts and by monitoring the metabolic activity of germinating 
spores. It was found that germination was delayed at all extract concentrations tested 
for both A. flavus and A. parasiticus irrespective of the method employed to evaluate 
germination (Fig 3.1 to 3.4). This is similar to the results of Yamada and Azuma (1977) 
who also determined that germination of Trichophyton mentagrophytes spores were 
adversely affected by allicin obtained from garlic cloves. Another compound derived 
from true garlic, ajoene, was also found to inhibit zoospore germination in Phytophthora 
drechsleri f. sp. cajani (Singh et al., 1992). The current investigation found that at 
progressively higher extract concentrations germination was delayed to progressively 
greater degrees similar to that of other studies (Singh et al., 1992; Soliman and Badeaa, 
2002). This indicated a proportional inverse relationship between extract concentration 
and spore germination. 
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Previous reports have suggested that the antimicrobial nature of garlic extracts 
may be due to the inhibition of lipids (Adetumbi et al., 1986), enzymes and thiol-
containing proteins (Rabinkov et al., 1998) and synthesis of protein and nucleic acid 
(Adetumbi et al., 1986) due to increased reactivity of the extract with intracellular 
components such as glutathione. Microscopic examination revealed that at an extract 
concentration of 15mg/ml the hyphae of germinating spores developed a granular 
appearance with a substantial increase in vesicle formation (Fig 3.5 and Fig 3.6). This 
was not visibly apparent at the lower extract concentrations. The increase in granulation 
seen here is most probably due to enhanced reactivity between T. violacea extracts and 
fungal intracellular lipids or proteins resulting in the formation of less soluble products. 
The increase in vesicle formation may be a response by the fungus in an attempt to 
isolate such toxic reactive elements formed after reaction with the plant extract or from 
the plant extract itself. Although in this study hyphae continued to grow and branch 
normally, Yamada and Azuma (1977) showed that allicin isolated from crushed garlic 
cloves stimulated the hyphae of Trichophyton mentagrophytes to take on a spherical 
and later ―bamboo-joint-like‖ appearance. 
Externally, fungi are surrounded by a cell wall which protects the intracellular 
components against unfavourable environmental conditions. Internally, septal cell walls 
separate fungal compartments from each other. The cell walls are composed primarily 
of mannoproteins, chitin and glucans (Ram et al., 2004). Calcofluor white staining of 
fungal cell walls after growth in the presence of plant extracts exhibited no differences 
from that of the control. Hyphal tips and septa continued to fluoresce bright blue in the 
presence and absence of plant extracts. This indicated that at sub-lethal doses chitin 
synthesis and cell wall formation did occur and that the cell walls remained intact in the 
presence of the plant extract. 
Similarly, DAPI staining to assess the integrity of the nucleic acids (DNA) revealed 
the presence of bright blue coloured nuclei present within fungal hyphae in the control 
and extract treated samples. This suggested that the nuclei remained intact and that the 
DNA was not adversely affected by treatment with the plant extracts. A report by 
Adetumbi et al., (1986) indicated that extracts of garlic bulbs (allicin) inhibited nucleic 
acid synthesis and that this inhibition paralleled growth inhibition observed with the 
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extract. Medicinal plants have been shown to cause condensation of the chromatin 
structure, fragmentation of DNA and shrinkage of the nucleus, in cancer cell lines in a 
dose-dependent (Steenkamp et al., 2001) and time dependent (Hu et al., 2002) manner. 
Thus it is acknowledged that in the present study although DNA synthesis could have 
and may have been inhibited by the extracts possibly through interference with 
polymerase enzymes, DAPI staining was not capable of determining so. More sensitive 
studies (radioisotope, RT-PCR, etc) need to be utilized to accurately assess DNA 
synthesis. However, DAPI staining did indicate that at sub-lethal doses of the extract 
DNA was synthesized and that once formed the DNA maintained its structure and 
integrity i.e. DNA damage was not evident. 
Although SEM indicated no changes in the surface structure of fungal spores, 
hyphae, conidiophores and conidia, transmission electron microscopy indicated that at 
5mg/ml, 10mg/ml and 15mg/ml extract concentrations spore cell walls began to thicken 
and was visually estimated to be 2 to 3 times thicker than that of the control samples. 
Thickening of A. niger cell walls in the presence of plant extracts has been reported 
earlier by Rasooli et al., (2006). It is possible that the thicker cell walls prevented 
germination signals from being transduced into the spore and may explain the delay in 
germination experienced by the spores in the presence of the plant extract. With thicker 
cell walls spores may also have experienced difficulty in stimulating germ tube formation 
further adding to a delay in germination. 
Although the cell wall of A. parasiticus is naturally thicker than that of A. flavus 
(Rodrigues et al., 2007) at 10mg/ml and 15mg/ml extract concentrations the cell walls of 
A. flavus appeared to be much thicker than that of A. parasiticus. This difference in cell 
wall thickness may explain why A. parasiticus spores germinated earlier (18hr; Fig 3.1) 
than that of A. flavus (54hr; Fig 3.2) respectively. Therefore an inverse proportional 
relationship appears to exist between cell wall thickness and spore germination. 
Aflatoxin production was investigated by TLC analysis after growth in the presence 
and absence of plant extracts. For A. flavus there did not seem to be any inhibition of 
aflatoxin biosynthesis at the extract concentrations tested. At 15mg/ml, no aflatoxins 
were detected. This was attributed to the very low mycelial yield obtained in the 
presence of the plant extract. For unknown reasons inconclusive results were obtained 
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for A. parasiticus. Gowda et al., (2004) have successfully determined that a 1% 
concentration of garlic extract was capable of reducing toxin production in A. parasiticus 
by over 80% while neem oils had low inhibitory effects. It thus appears that there is 
variability between plant extracts to inhibit aflatoxin production. It is possible that in the 
present study the concentrations of plant extracts used were too low to make a visible 
impact on aflatoxin production and that either higher extract concentrations be tested or 
more sensitive detection tools (such as RT-PCR) be used to analyze toxin biosynthesis. 
Thin layer chromatography analysis indicated that the lipid content of both fungi 
grown in the presence of T. violacea extract was considerably lower than that of the 
controls (Fig 3.16). The general trend was that lipid content decreased with increasing 
extract concentrations. This was more obvious for A. flavus than for A. parasiticus. This 
therefore suggests that the plant extract negatively affected lipid synthesis. This finding 
is supported by those of Adetumbi et al., (1986), who showed that lipid biosynthesis in 
Candida albicans was totally inhibited by garlic extracts, and San-Blas et al., (1997), 
who also demonstrated that ajoene, inhibited the synthesis of phosphatidylcholine and 
saturated fatty acids of Paracoccidioides brasiliensis.  
Extracts from some medicinal plants have been shown to lower the triglyceride 
content of rat models fed a high fat diet (Cignarella et al., 1996; Kobayashi et al., 2001) 
indicating that triglyceride content may be directly or indirectly affected by such extracts. 
The assay for triglyceride content indicated that initially the triglyceride content 
increased at low extract concentrations (5mg/ml and 10mg/ml) and then started to 
decrease at higher extract concentration (15mg/ml). The only feasible explanation is 
that at low extract concentrations triglyceride synthesis was stimulated possibly due to 
the availability of plant nutrients in the extract. Triglyceride synthesis may have 
exceeded the inhibitory effect of the extract and therefore resulted in an increase in the 
triglyceride content. However, at 15mg/ml the inhibitory effect of the extract may have 
exceeded triglyceride synthesis resulting in a decrease in triglyceride content. This 
indicated that at high extract concentrations, triglyceride synthesis was inhibited.  
In conclusion, T. violacea plant extracts negatively affect the growth of A. flavus 
and A. parasiticus by delaying spore germination through stimulating thickening of the 
spore cell wall and inhibiting lipid and triglyceride production. Future work would involve 
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the isolation and identification of the active compounds present in this medicinal plant 
responsible for the antifungal activity. 
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CONCLUDING REMARKS 
 
Tulbaghia violacea plant extract showed antifungal activity against both Aspergillus 
flavus and Aspergillus parasiticus. However, in the tube assay, inhibition was only 
observed for A. flavus, with an MIC of 15mg/ml and MFC of 20mg/ml, whilst A. 
parasiticus, was more resistance to the plant extract. Higher concentrations were 
required to inhibit the growth of A. flavus (60mg/ml) and A. parasiticus (100mg/ml) 
respectively, for both the well and disk diffusion assays. This difference in the MICs 
between the broth dilution and agar diffusion assays could be attributed to decreased 
extract availability due to diffusion of the extract around the wells. The disk and the well 
diffusion assays have been shown to be unreliable in certain instances, especially 
during visual examinations where inaccurate measurements of the zones of inhibition 
could be made (Patton et al., 2006). In this study, the tube assay provided a more 
accurate determination of the MIC than the well/disk diffusion assay, since there was 
always an even distribution of the extract throughout the liquid.  
The XTT assay proved to be a more sensitive assay in determining the antifungal 
nature of the plant extract, with changes in metabolic activity detected as early as 12hr 
after spore inoculation for both A. flavus and A. parasiticus as opposed to the 48hr for 
the tube assay. For both fungal species assayed, the percentage inhibition was greatest 
at extract concentrations of 10mg/ml and higher. Although longer incubation periods 
resulted in greater inhibition, some fluctuation was observed in the absorbance 
readings. This could be the result of evaporation due to the high temperate at which the 
XTT assay is performed. Future work could be performed at the optimal temperature of 
28°C and also at a shorter incubation period.  
The germination studies showed that there was a delay in germination of fungal 
species in the presence of the plant extract. Microscopic studies showed that there was 
increased granulation as the extract concentration was increased and this was more 
evident at an extract concentration of 15mg/ml for both fungal species assayed.  Similar 
studies have shown that garlic and its compounds affect the germination and structure 
of various other fungal species (Yamada and Azuma, 1977; Singh et al., 1992; Soliman 
and Badeaa, 2002). Transmission Electron Microscopy showed increased thickening of 
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the fungal cell walls as the plant extract concentration was increased. This was more 
evident in A. flavus, which has been reported to have thinner cell walls than A. 
parasiticus (Rodriguez et al., 2007). 
Aflatoxin production by A. flavus was affected in the presence of the plant extract. 
However, for A. parasiticus, variable results were obtained. More fungal culture would 
be needed for a more successful extraction, which would then give a more accurate 
result. The lipid studies showed a progressive decrease in lipids as the plant extract 
concentration was increased. The triglyceride assay showed a progressive increase in 
triglyceride content at 5mg/ml and 10mg/ml. At higher extract concentration (15mg/ml), 
a decrease was observed for both fungal species. More studies need to be performed to 
validate this result. These can include the measure of ergosterol content of the fungal 
species in the presence of the plant extract.  It can therefore be concluded that the 
Tulbaghia violacea aqueous plant extract is antifungal towards Aspergillus flavus and 
Aspergillus parasiticus. Future work should involve the identification, characterization 
and the mechanism of action of the antifungal compound/s present within Tulbaghia 
violacea against Aspergilli species. 
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